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In the title compound, [Cu^oHiv^C^S^], the Cu 11 atom is 
coordinated by the S and O atoms of two l,l-dibenzyl-3- 
(furan-2-ylcarbonyl)thioureate ligands in a distorted square- 
planar geometry. The two O and two S atoms are mutually cis 
to each other. The Cu— S and Cu— O bond lengths lie within 
the ranges of those found in related structures. The dihedral 
angle between the planes of the two chelating rings is 
26.15 (6)°. 

Related literature 

For general background, see: Arslan et al. (2003). For synthesis 
details, see: Nagasawa & Mitsunobu (1981). For related 
structures, see: Binzet et al. (2006); Gomes et al. (2007); Perez 
et al. (2011). 




Experimental 

Crystal data 

[Cu(C 20 H 17 N 2 O 2 S) 2 ] 
M, = 762.37 
Monoclinic, P2i/n 
a = 18.8390 (3) A 
b = 10.8730 (2) A 
c = 19.6200 (3) A 
/3 = 114.748 (1)° 

Data collection 

Nonius KappaCCD area-detector 
diffractometer 

Absorption correction: gaussian 
(Coppens et at., 1965) 
T . = 0.779, T m „ = 0.886 



Refinement 

R[F 2 > 2a(F 2 )] = 0.049 

wR(F 2 ) = 0.122 

S = 1.07 

7413 reflections 



V = 3649.79 (10) A J 
Z = 4 

Mo Ka radiation 
/x = 0.76 mm~' 
T = 293 K 

0.49 x 0.44 x 0.39 mm 



21982 measured reflections 
7413 independent reflections 
6761 reflections with / > 2a(l) 
R lM = 0.027 



460 parameters 

H-atom parameters constrained 
A/w = 0.23 e A~ 3 
Apmh>= -0.39 e A~ 3 



Data collection: COLLECT (Enraf-Nonius, 2000); cell refine- 
ment: SCALEPACK (Otwinowski & Minor, 1997); data reduction: 
DENZO (Otwinowski & Minor, 1997), SCALEPACK and SORTAV 
(Blessing, 1987, 1989); program(s) used to solve structure: 
SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for 
Windows (Farrugia, 1997) and Mercury (Macrae et al., 2006); software 
used to prepare material for publication: WinGX (Farrugia, 1999). 

The authors thank the Grupo de Cristalografla, IFSC, USP, 
Brazil, for allowing the X-ray data collection. The authors 
acknowledge financial support from the PhD Cooperative 
Program ICTP/CLAF. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BT5517). 
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c/s-Bislljl-dibenzyl-S-Cfuran-l-ylcarbony^thioureato-ft^O^copper^I) 
H. Perez, C. C. P. da Silva, A. M. Plutm, C. A. de Simone and J. Ellena 

Comment 

jV-acyl-iVyV'-disubstituted thioureas have attracted the attention of researches over the last three decades with regard to co- 
ordination behaviour towards transition metals (Arslan et al, 2003). During complex formation, the ligand is deprotonated, 
which results in a neutral complex with a six-membered ring chelating the metal ion. 

In the crystal structure of the title complex, the two furoylthiourea molecules adopt a cis conformation, bonded to the 

central Cu 11 ion as shown in Fig. 1 . The complex coordination geometry is a distorted square-plane as reflected by angles 
01— Cu— S2 [166.02 (6)°] and 02— Cu— SI [163.52 (7)°]. The distance of Cu atom from the best plane through the 
coordination sphere is 0.2486 (1) A. The chelate ring systems, Cu-01-Cl-Nl-C2-Sl and Cu-02-C21-N3-C22-S2, are 
nearly planar with the largest deviations from the best plane being -0.118 (1) A for C2 and 0. 114 (2) A for C22, respectively. 
The dihedral angle of 26.15 (6)° between these chelate planes indicates a strong distortion from square planar towards 

tetrahedral geometry. By comparison, the corresponding O — Ni — S angles and dihedral angle for the Ni 11 analog (Perez et 
al, 2011) are 169.66 (5)°, 170.09 (6)° and 20.33 (6)°, respectively. As a result, the square -planar coordination geometry of 
the title molecule is more distorted. The Cu — S and Cu — O bond lengths lie within the range of those found in the related 
structures (Gomes et al. , 2007, Binzet et al. , 2006). The bond lengths of the thiocarbonyl and carbonyl bonds are longer than 
the average for C=S (1.68 A) and C=0 (1.20 A) in thioureas, while the C — N bonds in the chelate rings are all shorter than 
the average for C — N single bond of about 1.48 A. This indicates extensive electronic derealization within the complex 
rings. Fig. 2 shows the arrangement of the complex molecules in the unit cell. 

Experimental 

The l,l-dibenzyl-3-[(furan-2-yl)-carbonyl]thiourea ligand was prepared using the standard procedure previously reported 
in the literature (Nagasawa & Mitsunobu, 1981) by the reaction of furoyl chloride with KSCN in anhydrous acetone, and 
then condensation with dibenzylamine. To an ethanol solution (30 ml) containing the ligand (0.70 g, 2 mmol) was added 
an ethanol solution of Cu(CH3COO)2-H20 (0.20 g, 1 mmol). The solution was stirred at room temperature for 2 h, and at 
once a solution of NaOH (1 N) was added to adjust pH to the neutral value. The mixture was filtered and the fdtrate was 
evaporated under reduced pressure to give a green solid, which was washed with acetone. Single crystals were obtained by 
slow evaporation of a chloroform/dichloromethane solution (1:1, v/v) of the complex. 

Refinement 

H atoms were positioned geometrically and refined as riding atoms, with C — H = 0.93 A and (7i S0 (H) = 1.2C/ e q(C) for 
aromatic, and C — H = 0.97 A and 1.5J7 e q(C) for methylene. 



sup-1 



supplementary materials 



Figures 




Fig. 1. The molecular structure of title compound. Displacement ellipsoids are drawn at the 
50% probability level. 



Fig. 2. Crystal packing of title complex, viewed along [010]. H atoms have been omitted for 
clarity. 
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c/'s-Bis[1,1-dibenzyl-3-(furan-2-ylcarbonyl)thioureato- k 0,S]copper(ll) 



Crystal data 




[Cu(C 20 H 17 N 2 O 2 S) 2 ] 


^(000) = 1580 


M r = 762.37 


D x = 1.387 MgnT 3 


Monoclinic, P2\ln 


Mo Ka radiation, X = 0.71073 A 


Hall symbol: -P 2yn 


Cell parameters from 22283 reflections 


a = 18.8390 (3) A 


6 = 2.9-26.7° 


b= 10.8730 (2) A 


|i = 0.76 mm 1 


c= 19.6200 (3) A 


7=293 K 


(3= 114.748 (1)° 


Prism, blue 


V= 3649.79 (10) A 3 


0.49 x 0.44 x 0.39 mm 


Z=4 





Data collection 

Nonius KappaCCD area-detector 
diffractometer 

Radiation source: Enraf-Nonius FR590 
graphite 

Detector resolution: 9 pixels mm" 
CCD rotation images, thick slices scans 
Absorption correction: gaussian 
(Coppens et al, 1965) 
7 min = 0.779, J max = 0.886 
21982 measured reflections 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 



74 1 3 independent reflections 

676 1 reflections with / > 2o(i) 
R int = 0.027 

Qmax = 26.7°, 6 m i n = 3.0° 

h = -23->23 
/fc = -13->13 
/ = -24^24 



Refinement 

Refinement on F 
Least-squares matrix: full 
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R[F 2 > 20(7^)] = 0.049 
wR(F 2 ) = 0.122 

S= 1.07 

7413 reflections 
460 parameters 
0 restraints 



Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0633P) 2 + 1.1325P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.001 

Ap max = 0.23eA" 3 

Ap min = -0.39eA" 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , conventional 
R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and if- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


TI- *ITJ 


Cu 


0.508045 (16) 


0.07839 (3) 


0.297423 (16) 


0.04477 (11) 


S2 


0.59888 (4) 


0.07792 (6) 


0.25262 (4) 


0.05644 (19) 


SI 


0.53343 (5) 


0.27665 (7) 


0.32023 (5) 


0.0707 (2) 


Ol 


0.45058 (10) 


0.06749 (15) 


0.35857 (10) 


0.0493 (4) 


02 


0.46288 (11) 


-0.07565 (18) 


0.25155 (12) 


0.0641 (5) 


03 


0.39877 (11) 


-0.02783 (16) 


0.45314 (11) 


0.0570 (4) 


04 


0.35836 (12) 


-0.2514 (2) 


0.18813 (13) 


0.0763 (6) 


Nl 


0.44597 (11) 


0.26752 (17) 


0.40284 (11) 


0.0424 (4) 


N2 


0.47257 (11) 


0.45499 (18) 


0.36697 (11) 


0.0429 (4) 


N3 


0.53966 (11) 


-0.14815 (18) 


0.19153 (11) 


0.0447 (4) 


N4 


0.65912 (11) 


-0.09441 (17) 


0.19891 (11) 


0.0425 (4) 


CI 


0.43832 (12) 


0.1451 (2) 


0.39995 (12) 


0.0395 (5) 


C2 


0.47889 (13) 


0.3315 (2) 


0.36579 (13) 


0.0420 (5) 


C3 


0.40694(13) 


0.0971 (2) 


0.45135 (13) 


0.0415 (5) 


C4 


0.38350 (16) 


0.1503 (3) 


0.50008 (15) 


0.0574 (7) 


H4 


0.3837 


0.234 


0.51 


0.069* 


C5 


0.35819 (19) 


0.0537 (3) 


0.53378 (17) 


0.0668 (8) 


H5 


0.338 


0.0618 


0.5695 


0.08* 


C6 


0.36918 (17) 


-0.0499 (3) 


0.50399 (17) 


0.0626 (7) 


H6 


0.358 


-0.1279 


0.5165 


0.075* 


C7 


0.43616 (13) 


0.5172 (2) 


0.41091 (12) 


0.0422 (5) 


H7A 


0.4716 


0.58 


0.4417 


0.051* 


H7B 


0.4291 


0.4577 


0.4444 


0.051* 


C8 


0.35843 (13) 


0.5760 (2) 


0.36437 (12) 


0.0414 (5) 
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U. IJLJ 


U.UUU / 


0.3577 


0.074 


* 




C3 / 


U.8035 (Z) 


A ACCA 

— U.IDDU (3) 


0.41754(18) 0.0785 (9) 




H3 / 


a q<;tc 
U.60Z5 


A A/1 £ A 


0.4644 


0.094 


* 




C38 


0.9302 (2) 


-0.0947 (3) 


0.4126 (2) 0.0787 (9) 




H38 


0.9748 


-0.1119 


0.4558 


0.094 


* 




C39 


0.93044 (19) 


-0.1087 (4) 


0.3436 (2) 0.0822 (10) 




H39 


0.9754 


-0.136 


0.3397 


0.099 


* 




C40 


0.86415 (17) 


-0.0825 (3) 


0.27935 (18) 0.0648 (8) 




H40 


0.865 


-0.0922 


0.2326 


0.078 


* 




Atomic displacement parameters (A 2 ) 












U u 


U 22 


t/ 33 


U 12 




U 


Cu 


0.04319 (18) 


0.04824 (19) 


0.04929 (19) 


0 00021 (12) 

\J . \J\J \J .-j l \ I ^ f 


0.02570 (14) 


U.U1U3U {i-J) 


S2 


0.0615 (4) 


0.0452 (4) 


0 0818 (5) 


-0 0050 (3) 


0 0489 (4) 

vj . vj ~ vj y y 1 j 


U.U 1 JO {D ) 


SI 


0.0980 (6) 


0.0474 (4) 


0 1073 (6*1 

v. 1 V / J V / 


-0 0094 (4) 

vj • vj vj J r \i J 


0 0828 (5) 


A A1 AA ( A\ 


Ol 


0.0552 (10) 


0.0469 (9) 


0 0563 (W) 


-0 0054 (1) 

VJ . VJVJ ~J I 1 If 


0 0336 f8"> 


{0) 


02 


0.0590 (11) 


0.0696 (13) 


0.0804 (13) 


-0 0178 (9) 

vj . vj 1 1 vj \y } 


0.0454 (10) 


r\ ni/i 0 /1 f\\ 


03 


0.0683 (11) 


0.0439 (9) 


0 0703 (12) 

vj .vj 1 yj 1 ± ^ j 


-0 0069 f8"> 


0 0403 f 10 s ) 

\J .\J~ \J 1 ± \j j 


r\ nnci /q\ 
U.UUjJ (y) 


04 


0.0626 (12) 


0.0881 (16) 


0 0874 (15) 

\J .VJ vj 11 i±~/i 


-0 0211 fill 

VJ . VJ .-j ± ± 1111 


0 0405 fill 




Nl 


0.0440(10) 


0.0412 (10) 


0.0481 (10) 


0.0014 (8) 


0 0252 f9"> 


C\ C\C\ 1 C (Q\ 


N2 


0.0474 (11) 


0.0409 (10) 


0.0433 (10) 


0.0041 (8) 


0.0218 (9) 


U.UUZo ) 


N3 


0.0473 (11) 


0.0462 (11) 


0 0446 HO*) 

VJ .\J^ r w l ± \J 1 


-0 0001 f9"> 

VJ . VJVJ VJ I I J J 


0 0233 (9) 


U.UU41 (y) 


N4 


0.0487 (11) 


0.0396 (10) 


0 0472 fill 


0 0025 (&) 


0 0279 (9) 

\J .\J .-j 1 J l J 1 


u.uuzy {of 


CI 


0.0328 (11) 


0.0457 (13) 


0.0402 (11) 


0.0035 (9) 


0.0154 (9) 


U.UU3 j { 


C2 


0.0432 (12) 


0.0420 (12) 


0 0429 (12) 


0 0009 (9) 

\r.\'\'\r / \ / t 


0 0202 ( 10 s ) 

VJ .\J j-^VJ .-j 1 ± \J 1 


U.UUZ / {iv) 


C3 


0.0412(12) 


0.0375 (12) 


0 0477 fl21 


-0 0010 (9) 

vj . vjvj 1 vj \ y } 


0 0204 (10) 

VJ .VJ^VJl 1 ± \J 1 


U.UUZj (,iuj 


C4 


0.0742 (18) 


0.0493 (14) 


0 0653 (16) 

VJ .VJ VJ ^J 1 ± 1 


0 0050 fl3t 

\J . VJVJ ~J \J 1 1J 1 


0 0456 (15) 

\J .\Ji ~J ^J 1 ± ~j 1 


U.UUZZ {iJ) 


C5 


0.080 (2) 


0.073 (2) 


u.uuuz ^101 


0 0004 n m 


0 04Q0 (\ M 
yj.yj'-t y\j y 


U.UUoD (1 Jj 


C6 


0.0674 (18) 


0.0558(16) 


0.0739 (19) 


-0.0076 (13) 


0.0389 (15) 


U.UUv4 


C7 


0.0445 (12) 


0.0419(12) 


0.0371 (11) 


0.0055 (10) 


0.0140(10) 


n nni 1 / 1 


C8 


0.0432 (12) 


0.0443 (13) 


0.0358 (11) 


0.0047 (10) 


0.0157(10) 


A AA 1 1 (C\\ 

U.UUU (y) 


C9 


0.0476 (14) 


0.0512(15) 


0.0579 (15) 


0.0003 (11) 


0.0153 (12) 


a aa in no\ 
U.UU1U (1ZJ 


CIO 


0.0427 (14) 


0.083 (2) 


0.0657 (18) 


-0.0004 (14) 


0.0126(13) 


A AA 11 /I £\ 

U.UU1 1 (loj 


Cll 


0.0495 (16) 


0.090 (2) 


0.0579 (16) 


0.0248(15) 


0.0144(13) 


A AAQ1 / 1 /I\ 

u.uuyj (loj 


C12 


0.075 (2) 


0.0539(16) 


0.0663 (18) 


0.0252 (15) 


0.0209 (15) 


A AAQC (\ A\ 

U.UUoD 


C13 


0.0550 (15) 


0.0451 (14) 


0.0536 (14) 


0.0078 (11) 


0.0145 (12) 


A AAT1 (\ ")\ 

U.UUZ j { YL) 


C14 


0.0591 (15) 


0.0446(13) 


0.0481 (13) 


0.0048(11) 


0.0258 (12) 


A AAQ/I / 1 1 \ 

U.UUo4 (1 1 ) 


C15 


0.0572 (14) 


0.0372 (12) 


0.0530 (14) 


0.0043 (10) 


0.0309 (12) 


A AAT /C /I A~\ 

U.UUZo (1UJ 


C16 


0.0573 (15) 


0.0509 (15) 


0.0557 (14) 


0.0048 (12) 


0.0277 (13) 


A A A 1 £ /n\ 

-0.0016 (12) 


C17 


0.0568 (17) 


0.080 (2) 


0.0663 (18) 


0.0095 (15) 


0.0166(15) 


-0.0163 (16) 


C18 


0.0609 (19) 


0.083 (2) 


0.113 (3) 


-0.0150(17) 


0.045 (2) 


-0.037 (2) 


C19 


0.085 (2) 


0.0617(19) 


0.115 (3) 


-0.0185 (17) 


0.066 (2) 


-0.0185(19) 


C20 


0.079 (2) 


0.0470 (15) 


0.0763 (18) 


-0.0002 (13) 


0.0483 (16) 


0.0032 (13) 


C21 


0.0447 (12) 


0.0476 (13) 


0.0416 (12) 


-0.0001 (10) 


0.0198(10) 


-0.0043 (10) 
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K^ZZ 


C\ C\A 77 f1 1\ 
U.U4 /Z ^ 1ZJ 


A A/1 1/1 (\ ~)\ 

U.U4 14 ^izj 


a aiqa n n 
U.U3VU yi-i.) 


A AA/1 "7/1 A\ 

U.UU4 / ^1UJ 


A A"")/! A /I A~\ 

U.UZ4U ^1UJ 


A A AO 1 fQ\ 

U.UUZ1 yy ) 


L-Z3 


a r\A on /i /i\ 
U.U4&y (i4j 


a acca n 

U.UDjU (1 D) 


A A/l/l o (\ 1\ 
U.U44o y i-j) 


a aaca (~\ i \ 
U.UUjU (1 1 ) 


a at i a n n 
U.UZ 1U (, 1 1 J 


A AA/l/l /I 1 \ 

U.UU44 (1 1 ) 


CIA 


A AQ7 /7\ 

U.U5Z ^Z J 


U.U0Z4 (1 /J 


A A/C m /'l £\ 

U.UuUZ (,lDj 


A A1 QQ / 1 C\ 

u.uioy y\-~>) 


A A/1 A/C /I C\ 

U.U4UO (1 


A A1 AC / 1 A\ 

u.uiyj (i4j 


CZD 


n 1 1 1 

U.l 1 1 yj ) 


A AO 

U.UoZ (ZJ 


A A7T f7\ 

U.U /Z yZ) 


U.U44 yZ ) 


A AQ7 /">\ 

U.U3 / yZ) 


A AT. ->C ( 1 Q\ 

u.ujzj yio) 


CZu 


A A7£ /")\ 
U.U /O (ZJ 


A 1 1 A 

U. 1 1U [J ) 


A AQQ /">\ 

U.Uoo yZ ) 


A A/1 c. (y\ 
U.U40 yZ ) 


A ATT 0\ 

U.U 32 ^Z J 


A A 1 A 

u.uiy yz ) 


CZ / 


U.Ujo / (,14J 


A AT AC /I T\ 

u.ujvj yiz) 


A A C CA /I /]\ 

U.UjjU (14J 


a aa/;q n A\ 
U.UU05 (1UJ 


A AT 1 /C n 

U.U3 10 ylZ) 


a aa i q n n 
U.UUlo (1 1 ) 


L-Z5 


U.UjoI (14) 


A A/1/1 /C /I a\ 

U.U440 (13J 


A AC 1 (M.\ 

U.Uj 1Z ylj) 


A AAA/1 Z' 1 1 \ 

U.UUU4 (1 1 ) 


A A7QA / 1 y\ 

u.uzyu (1ZJ 


A AAQC (\ 1 \ 

u.uuyj (i i ) 


czy 


u.uo / 1 (,iyj 


A AQQ /">\ 

u.uys (zj 


A AC QA (\ ~l\ 

U.UjoU yl / ) 


A A 1 C 1 f\H\ 
U.UO 1 \i- 1 ) 


A AT /C'l /I C\ 

U.UZoZ (1 D) 


A AAQT ( 1 7\ 

u.uuyz (i / j 




A AO/1 C>\ 

U.Uo4 (Z J 


A ITT fl\ 

U. 1ZZ ^3 J 


A AC^Q (\ Q\ 

U.UDZo yi-o) 


A A 1 1 0\ 

U.U13 yZ) 


A A 1 TQ /I 7\ 

u.uizo yi / ) 


A AAQA / 1 QA 

u.uuou ^ iyj 




a i i o /a\ 
U.l 1Z yj ) 


A 1A1 

U. 1U1 y3) 


A AC17 (\ n\ 
U.UD3 / yi- / ) 


A A 1 *7 /">\ 

U.U1 1 yZ) 


A A/1 A 

U.U4U yZ ) 


A A1 A Q 

U.U14o (loj 


LoZ 


A 1 Ayl /"3\ 

U.1U4 (3 J 


A A A Q /">\ 

U.Uyj yZ) 


U.U /4 yZ) 


A AAQ d\ 

U.UU3 yZ ) 


U.UoZ yZ ) 


A A1 / 1 Q\ 

u.uizy (lyj 


/"IT 


a n7^1 f 1 OA 
U.U /M yly) 


A A/^71 fl Q\ 

U.UO 15 \\-o) 


A A^QO. /I 7\ 

U.Uooo yi / ) 


A AAQC ( 1 C\ 

U.UUV 3 yi-~>) 


A A/1 (L 1 /I C\ 

U.U401 yi-~>) 


A AAAA (\ A\ 

U.UUUU (14J 


Co 4 


A AC CA /I A\ 

U.UjjU {i-^f 


A A/1 A/1 /I 

U.U4U4 ^izj 


A AC/1/1 (\ 1\ 

U.U 344 ^ 1 J) 


U.UUZZ ^ 1UJ 


U.UJOO ^IZJ 


a aa 17 n n 
U.UU 1 / ^ 1 1 J 


C35 


A A C T 1 / 1 /I \ 

0.0531 (14) 


A AT Ol / 1 T\ 

0.0383 (12) 


A ACT7 / 1 T\ 

0.0527 (13) 


A AA /If /I A\ 

-0.0045 (10) 


A AT AC / 1 

0.0305 (12) 


A AA /I A / 1 C\\ 

-0.0040 (10) 


C36 


0.0674 (17) 


0.0714(18) 


0.0568 (15) 


0.0016(14) 


0.0353 (14) 


-0.0061 (14) 


C37 


0.086 (2) 


0.095 (3) 


0.0522 (17) 


0.0030 (19) 


0.0257 (17) 


-0.0060 (16) 


C38 


0.069 (2) 


0.076 (2) 


0.071 (2) 


0.0052 (16) 


0.0100(17) 


-0.0041 (16) 


C39 


0.0589 (19) 


0.097 (3) 


0.087 (2) 


0.0159(17) 


0.0274(18) 


-0.005 (2) 


C40 


0.0599 (17) 


0.079 (2) 


0.0643 (17) 


0.0119 (14) 


0.0345 (15) 


-0.0024 (14) 



Geometric parameters (A, °) 



Cu— Ol 


1.9269(16) 


C15— C16 


1.379 (4) 


Cu— SI 


2.2128 (8) 


CI 5— C20 


1.389 (4) 


Ol— CI 


1.257 (3) 


C16— C17 


1.388 (4) 


Nl— CI 


1.338 (3) 


C16— H16 


0.93 


Cu— 02 


1.9230 (18) 


C17— C18 


1.373 (5) 


Cu— S2 


2.2272 (7) 


C17— H17 


0.93 


SI— C2 


1.726 (2) 


C18— C19 


1.369 (5) 


S2— C22 


1.730 (2) 


C18— H18 


0.93 


02— C21 


1.256 (3) 


C19— C20 


1.367 (5) 


03— C6 


1.353 (3) 


C19— H19 


0.93 


03— C3 


1.369 (3) 


C20— H20 


0.93 


04— C23 


1.362 (3) 


C21— C23 


1.462 (3) 


04— C26 


1.364 (4) 


C23— C24 


1.342 (4) 


Nl— C2 


1.332 (3) 


C24— C25 


1.412 (4) 


N2— C2 


1.349 (3) 


C24— H24 


0.93 


N2— C14 


1.463 (3) 


C25— C26 


1.322 (5) 


N2— C7 


1.472 (3) 


C25— H25 


0.93 


N3— C21 


1.326 (3) 


C26— H26 


0.93 


N3— C22 


1.342 (3) 


C27— C28 


1.508 (3) 


N4— C22 


1.342 (3) 


C27— H27A 


0.97 


N4— C34 


1.470 (3) 


C27— H27B 


0.97 


N4— C27 


1.474 (3) 


C28— C29 


1.366 (4) 


CI— C3 


1.462 (3) 


C28— C33 


1.380 (4) 


C3— C4 


1.341 (3) 


C29— C30 


1.397 (4) 


C4— C5 


1.425 (4) 


C29— H29 


0.93 


C4— H4 


0.93 


C30— C31 


1.364 (5) 


C5— C6 


1.325 (4) 


C30— H30 


0.93 
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C5 — Hi 


U.93 


Co — Ho 


a ni 

u.93 


C/ — Co 


1 cn<; /i\ 
l.JUo (3) 


C7 — H7A 


0.97 


C/ — irt/B 


U.9 / 


Co — CI J 


1.3 /o (3) 


Co — cy 


1 1QA S1\ 

1.354 (3 ) 


r^n nn 
cy — C1U 


1 1 *7Pt //l \ 

1.3 /9 (4) 


cy — Hy 


U.93 


fin pi i 
C1U — CI 1 


1.3 /o (4) 


fin um 
CIO — irtlO 


U.93 


CI 1 — C12 


1 1 Tl (A \ 

1.3 /Z (4) 


CI 1 — nil 


U.93 


pi 9 pi 7, 




C12 — H12 


0.93 


C13 — H13 


0.93 


C14 — C15 


1.513 (4) 


C14 — H14A 


0.97 


C14 — H14B 


0.97 


p \*> p,, ( \ i 

Uz — Cu — U 1 


on AO /"7\ 

59. Uo ( /) 


p~) P, , C 1 

Uz — Cu — b 1 


1 £1 0 /"7\ 

1o3.jZ ( /) 


Ul — Cu — M 


m cq /c\ 
93.05 (j) 


P") p. . CO 

Uz — Cu — bz 


94. 3j [p ) 


Ul — Cu — bz 


1 c/z m 
loo.Uz (o) 


M — Cu — bz 


50.50 (2) 


Czz — bz — Cu 


1 n*7 nn /o\ 
1U /.99 (5) 


PO C 1 / , 

Cz — bl — CU 


1 AO AC PQ\ 

1U5.4j (5) 


P i pi 

CI — Ul — CU 


111 CO /I C\ 

131 .J6 (1 D) 


Cz 1 — Uz — CU 


1 1 A 0*7 ( 1 C\ 

13U.9 / (,loJ 


P/" PQ PQ 

Co — U3 — C3 


lUo.3 (Z) 


Cz3 — U4 — Czo 


IUj. / (Z ) 


PO XT 1 P 1 

Cz — JN 1 — CI 


124.29 (19) 


p*> XT') a 
Cz — JN Z — C 1 4 


IZZ.oZ (19j 


( XT'") /"I -7 

Cz — JNZ — C / 


1ZZ.Z4 (19) 


P i /i XT') /^*7 

C 1 4 — JN Z — C / 


11/1 n 1 /1 n\ 
114.91 (19) 


p~) i XT1 /' •">"> 

Czl — JN3 — CzZ 


nc /i 
IZj.4 (Z) 


/^T> "NT A C^IA 

\^LL — JN 4 — C34 


1Z4.U3 (19) 


POO "NT/1 C^~)H 

\^LL — JN4 — C2 / 


IZZ.oU (19) 


pi /i xt a rn 
C34 — JN4 — Cz / 


111 11 /1 o\ 

1 13.32 (Is) 


/"i 1 P^ 1 XT 1 

Ul — CI — JN 1 


13U.D (Z) 


Ul — CI — C3 


I i /; i .">\ 

II 0.3 (Z) 


\T1 f1 pi 

JN 1 — CI — C3 


111 1 (1 (\ Q\ 

113.10 (19) 


XT1 Z" 1 ') XT') 

JN 1 — Cz — JNz 


ll/T f /")\ 

11 O.J (z) 


xt 1 r*o c 1 

N 1 — C2 — bl 


12o.01 (lo) 


N2— C2— SI 


115.40(17) 


C4— C3— 03 


109.6 (2) 


C4— C3— CI 


133.4 (2) 


03— C3— CI 


116.99(19) 


C3— C4— C5 


106.7 (2) 



C31 — C3Z 


1 ICO 

1.355 (5) 


piO 1 TT1 1 

C31 — H31 


0.93 


piO P11 

C3z — C33 


1 TOO //|\ 

1.3oo (4) 


i it") 
C3z — rl3Z 


u.yj 


pi 1 TT1 1 

C33 — hl33 


o.y3 


PI/1 / • "J c 

C34 — C3j 


1 .3Uy (i ) 


f^l A Ul /I A 

C34 — hl34A 


o.y / 


PI/1 I 1 1 1 O 

C34 — rl34r> 


u.y / 


pic p /i n 
C3j — C4U 


1.3 /y (4) 


C3j — C3o 


1.3 /D (3) 


p t /; p i -7 

C3o — C3 / 


l.iol (4) 


p "J /C II')/' 

C3o — hl3o 


o.y3 


pTH PIO 

C3 / — C3s 


1.3 /0 (5) 


v J / — 1 1 / 


(1 Q1 


C38 — C39 


1.365 (5) 


C38 — H38 


0.93 


C39 — C40 


1.382 (5) 


C39 — H39 


0.93 


C40 — H40 


0.93 


pi/: pi*7 n n 
ClO CI / rll / 


linn 

ny.y 


pin pi o p i -7 

C19 — Clo — CI / 


iiy.o (3) 


pin pi o I i 1 o 

C 19 — C 1 o — rl 1 5 


1 7/1 7 
1ZU.Z 


ph pi o iiio 
C 1 / — C 1 5 — hi 1 5 


1 7/1 7 

120.2 


pi o pin p'ln 

C 1 o — C 1 9 — CzU 


1 7/1 /I /7 \ 

120.4 (3) 


p i o pip, 1 1 1 n 
Clo — C19 — hi 19 


lino 

ny.o 


POP* pin i i i i\ 

CzU — C 1 9 — hi 1 9 


nno 

ny.o 


pin pin pk 

C 1 9 — CzU — C 1 D 


17 1 1 f}\ 

121.1 (3) 


pin pop* inn 

C 1 9 — CzU — hlzU 


1 1 n /i 

ny.4 


pi c pop, iron 
C 1 J — CzU — rlZU 


1 1 O A 

ny.4 


P,-> P~V 1 XTQ 

Uz — Czl — JN3 


17 1 1 /7\ 

131.1 (2) 


m p') i p-> -j 
Uz — Cz 1 — Cz 3 


I 1 c -7 /7\ 

I I J. / (2) 


XT1 ( ") 1 PT] 

JN3 — Czl — Cz3 


1 1 1 n /7\ 
113.0 (2) 


XT1 POO XT /I 

JN3 — CzZ — JN4 


1 1 r C7 /1 n\ 

115.52 (iy) 


XT1 PT1 CI 

JN3 — Czz — bz 


177 7C /I 71 
12/.25 (1 /) 


XT /I PT1 CO 

JN 4 — CzZ — bz 


117 K /I 71 
11 /.15 (1 /) 


pt/l POI p /1 

Cz4 — Cz3 — U4 


1 1 n 7 /7\ 
110.3 (2) 


PO./l p-) "3 pT| 

Cz4 — Cz3 — Cz 1 


171 £ /7\ 

131.5 (2J 


r\A m pi i 
U4 — Cz3 — Cz 1 


1 1 O 1 /7\ 

11 0.1 (2) 


Pll ptl pn 

Cz3 — Cz4 — Czj 


i n/; /i /7\ 
100.4 (3) 


PT] pi/I TJT/I 

Cz3 — Cz4 — hlz4 


1 7/: o 
120.0 


PTC pi/I I I -v 1 

Czj — Cz4 — hlz4 


1 7/: o 
120.0 


PT/C PTC PI/I 

Czo — Czj — Cz4 


1 n/: o /"2\ 
lOo.o (3) 


/' •->/: ptc i nc 
Czo — Czj — hlZJ 


1 7/: /: 
120.0 


C24— C25— H25 


126.6 


C25— C26— 04 


110.9 (3) 


C25— C26— H26 


124.5 


04— C26— H26 


124.5 


N4— C27— C28 


112.5 (2) 


N4— C27— H27A 


109.1 



sup-7 



supplementary materials 



P7 p a i i i 

C 3 — C 4 — 114 


1 1£ 1 

izo. / 


p c a 1 1 ,i 

Cj — C4 — 114 


1 1£ 1 

Izo. / 


p/l nr p /] 

Co — C5 — C4 


1 A£ 1 /1\ 

lUo.l (2) 


CO Cj rlj 


izo.y 
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